were obtained from the kidney, trachea, and cecal tonsil of IB suspected chickens between 2001 and 2002 years in Korea. The S1 glycoprotein gene of IBV isolates were amplified by reverse transcriptase -polymerase chain reaction (RT-PCR) and analyzed by restriction fragment length polymorphism (RFLP) analysis. Fifteen Korean IBV isolates were classified into 4 groups by their RFLP patterns using restriction enzymes, HaeIII, BstYI, and XcmI. The RFLP patterns for 3, 1, and 1 of 15 isolates corresponded to the patterns of IBV Arkansas, Connecticut, and Massachusetts strains, respectively. Ten of 15 isolates generated unique KM91 RFLP pattern that was observed in the IBV KM 91 strain previously isolated in Korea. To confirm genetic diversity in the S1 genes of IBV isolates, viral RNAs of representative 9 of 15 IBV isolates were amplified, cloned, sequenced and compared with published sequences for non-Korean IBV strains. Korean IBV isolates showed amino acid sequence similarity between 61.8% (K446-01 and K161-02) and 96.1% (K281-01 and K210-02) with each other and they showed amino acid sequence similarity between 42.9% (K161-02 and GA980470) and 96.5% (K203-02 and KB8523) compared to non-Korean IBV strains. By phylogenetic tree analysis, Korean IBV field isolates were branched into five clusters in which 3 clusters were differentiated from non-Korean IBV strains. Especially, Korean IBV isolates K069-01, K507-01, K774-01 and K142-02 formed a separate cluster. It seems that IBVs continue to evolve and IBVs showing various genetic differences may cocirculate in Korea.
Introduction
Infectious bronchitis virus (IBV) is the etiological agent of infectious bronchitis (IB), which is an acute and highly contagious disease of the respiratory and sometimes the urogenital tracts of chickens causing tracheal rales, sneezing, coughing, a poor weight gain and reduced feed efficiency in broilers and a decline in egg production and egg shell quality in layers [8] .
IBV belongs to the family Coronaviridae [24] . It is a pleomorphic enveloped virus with club-shaped surface projections (spikes) on the surface of the virion and its genome consists of the single stranded positive-sense RNA genome of approximately 27 kilobases [1] . The virion contains four major structural proteins: the spike (S) glycoprotein, the membrane (M) glycoprotein, the envelope (E) glycoprotein, and the nucleocapsid (N) protein [24, 30] . The S glycoprotein of IBV is posttranslationally cleaved into N-terminal S1 and C-terminal S2 subunits [7, 30] . The S1 glycoprotein forms the distal, bulbous part of the spike, and the S2 glycoprotein anchors the S1 glycoprotein to the viral membrane [3] . The S1 subunit is known to contain regions that induce neutralizing, serotype-specific, and hemagglutination-inhibiting antibodies [5, 18, 27] .
A number of IBV serotypes and variants have been isolated and identified worldwide [10, 17] . These antigenic IBV variants do not completely cross-protect [13] . Therefore, IB continues to be an economically important disease to the poultry industry although IBV vaccines have been used to prevent IB outbreaks worldwide. Different serotypes and variants of IBV are thought to be generated by amino acid changes resulting from nucleotide insertions, deletions, or point mutations in the S1 subunit made by the viral polymerase [4, 20, 32] .
Since IBV was first reported in 1986 in Korea and nephropathogenic IBV was recognized in 1990, various serotypes of IBV have been reported in Korea. And these IBV isolates showed different patterns from each other and non-Korean IBV isolates in reverse transcriptase-polymerase chain reaction-restriction fragment length polymorphism (RT-PCR-RFLP) analysis [29] . However, only Massachusetts (Mass) type live attenuated vaccines as well as inactivated oil-emulsion vaccines were used to control IB [16, 17, 28, 29] .
The purpose of the present study was to genetically characterize IBV strains isolated recently in Korea. The S1 glycoprotein genes of the Korean IBV strains were amplified by RT-PCR. Amplified S1 genes were first classified by RFLP analysis and then the representative strains were cloned, sequenced and compared to other non-Korean published IBV sequences. By the RT-PCR-RFLP and phylogenetic analysis, recent Korean IBV isolates were classified into at least 5 different groups at the genetic level in which one group included only Korean IBV strains.
Materials and methods

Viruses
Field IBVs were isolated from kidney, trachea and cecal tonsil of IB suspected chickens using SPF embryonated eggs between 2001 and 2002 according to the standard procedure [11] . The history of these isolates is listed in Table 1 . IBV isolates were propagated in 10-dayold specific pathogen free embryonated eggs and identified as IBV by IBV-specific RT-PCR as described below [22] . The harvested allantoic fluids were used to prepare viral RNA.
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Viral RNA extraction and RT-PCR of S1 gene
The viral RNA was extracted from allantoic fluid as described previously [22] . Briefly, sodium dodecyl sulfate (final concentration, 2% wt/vol) and proteinase K (final concentration, 250 µg/µl) were added to the allantoic fluid and the mixture was incubated for 5 min at 55 • C. Viral RNA was extracted with acid phenol : chloroform (5:1, pH 4.7, Ambion, Woodward, U.S.A.) and chloroform : isoamylalcohol (IAA) (49:1), and further purified using the RNaid kit (BIO101, Carlsbard, U.S.A.). Finally, the RNA was resuspended in diethyl-pyrocarbonate (DEPC) treated water and stored at −70 • C until used in the reverse transcriptase (RT) reaction.
Amplification of the S1 gene by RT-PCR was performed using the forward S1 OLIGO5 (5 TGAAAACTGAACAAAAGA 3 ) and reverse S1 OLIGO3 (5 CTAAACTAACATAAGG GC 3 ) primer pair [22] . The RT reaction to synthesize cDNA contained purified RNA, 25 pmol S1 OLIGO3 primer and RT PreMix AccuPower RT PreMix (RTase, stabilizer and tracking dye) (BIONEER, Korea). The mixture was incubated at 42 • C for 60 min, and then heated for 5 min at 94 • C to stop the reaction. For the PCR reaction, 20 pmol each primer (S1OLIGO5 and S1OLIGO3 ) and cDNA were added to AccuPower PCR PreMix (Taq DNA polymerase, each dNTP, Tris-HCl, KCl, MgCl 2 , stabilizer and tracking dye) (BIONEER, Korea). The PCR was performed by 35 cycles of denaturation at 94 • C for 90 sec, annealing at 45 • C for 30 sec, and polymerization at 72 • C for 90 sec. The final polymerization step was performed at 72 • C for 10 min. The PCR products were analyzed on a 1.0% agarose gel.
RFLP analysis
PCR products with the expected size (about 1720 bp) were excised from an agarose gel and purified using Geneclean kit (BIO 101). The restriction enzymes HaeIII, BstYI and XcmI were used to digest the PCR products of S1 gene as described by Kwon et al [15, 23] . The RFLP patterns were observed after electrophoresis on a 2% agarose gel.
Cloning and sequencing
Nine representative IBV isolates (K069-01, K281-01, K446-01, K507-01, K774-01, K142-02, K161-02, K203-02, K210-02) of 15 isolates after RFLP analysis were sequenced. PCR products were cut from 1% agarose gels and purified using Geneclean (BIO 101). Purified PCR products were cloned into the TA cloning vector (Invitrogen, Carlsbed, CA) and transformed into competent cells (TOP10) (Invitrogen). Cells carrying recombinant plasmid were selected on LB agar plates containing ampicillin and X-gal. Plasmid DNA for sequencing was prepared by Plasmid Maxi Kit (Qiagen, Santa Clarita, CA, U.S.A.). Sequencing was performed with the M13 forward and M13 reverse primers. DNA sequencing was performed using an ABI PRISM 3700 DNA Analyzer (Applied Biosystems, Foster City, CA, U.S.A.).
Sequence analysis
Nucleotide sequence data were compiled and analyzed using the Clustal V method in MegAlign software (DNAStar, Inc. Madison, WI). Phylogenetic trees for S1 glycoprotein were generated using the maximum parsimony method with 100 bootstrap replicates in a heuristic search with the PAUP 4.0 software program (Sinauer Associates Inc., Sunderland, MA, U.S.A.).
The sequence data of S1 gene reported have been deposited in the GenBank database (Table 1) . Sequences used for comparison or phylogenetic analysis in this study were obtained from the following GenBank database accession numbers: Arkansas 99 (M85244), a K = Kidney, T = Trachea, CT = Caecal tonsil b B = Broiler c KM91 was the representative isolate of Korean IBV isolates determined as genotype III which showed a distinct RFLP pattern in PCR-RFLP analysis [29] d Dot (.) = That isolate was not sequenced Arkansas DPI (AF006624), Beaudette (X02342), Connecticut (L18990), D41 (AF036937), DE072 (U77298), Florida (AF027512), GA980470 (AF274437), Gray (L14069), H120 (M2 1970), JMK (L14070), KB8523 (M21515), and Mass 41 (X04722). 
Results
Virus isolation and RT-PCR-RFLP
Fifteen IBVs were isolated from trachea, kidney and cecal tonsil of broiler chickens (Table 1) . Six, 5 and 4 of 15 IBVs were isolated from trachea, kidney, and cecal tonsil respectively. The age of chickens with IB outbreaks was from 15 to 70 days.
RT-PCR-RFLP analysis was initially performed to classify IBV isolates. Fifteen Korean IBV isolates were classified into four groups by RFLP analysis (Fig. 1) . The RFLP pattern for isolate K446-01 corresponded to a pattern for IBV Connecticut strain. Isolate K203-02 showed both Massachusetts and KM91 RFLP patterns. Three isolates (K281-01, K434-01, and K210-02) were identical to the IBV Arkansas strain and 10 isolates (K069-01, K507-01, K748-01, K774-01, K044-02, K058-02, K117-02, K142-02, K161-02 and K234-02) had same RFLP pattern as the IBV KM91 strain which was isolated in 1991 in Korea [29] .
Sequencing and sequence analysis
The whole S 1 gene of representative 9 of Korean IBV isolates was sequenced to further characterize the isolates. The nucleotide and deduced amino acid sequences of those IBV isolates were determined and compared with the sequences of published non-Korean IBV strains (Table 2, Fig. 2 ).
Korean IBV isolates had nucleotide sequence similarity between 62.4% (K281-01 and K161-02) and 96.6% (K069-01 and K142-02) with each other and they had nucleotide sequence similarity between 47.1% (K281-01 and DE072) and 98.9% (K203-02 and H120) with non-Korean IBV strains. Korean IBV isolates had amino acid sequence similarity between 61.8% (K446-01 and K161-02) and 96.1% (K281-01 and K210-02) with each other and they had amino acid sequence similarity between 42.9% (K161-02 and GA980470) and 96.5% (K203-02 and KB8523) compared to non-Korean IBV strains.
The Korean IBV K446-01 isolate had an S1 amino acid sequence most similar to the Mass41 strain (95.5%) and 93.8% similar to the H120 strain. Korean IBV isolate K203-02 had an S1 amino acid sequence most similar to H120 (98.0%) and 92.6% similar to Mass41. Isolates K281-01 and K210-02 had amino acid sequences similar (79.2%-79.6%) to the Ark DPI strain. Isolates K069-01, K507-01, K774-01 and K142-02 were 91.4% to 97.2% similar to one another, and they were 72.8% to 79.7% similar to eight published non-Korean strains (Ark DPI, Beaudette, Connecticut, D41, Gray, H120, KB8523, and Mass41). Isolates K161-02 had an S1 amino acid sequence 61.8% to 64.3% similar to other Korean isolates and 61.6% to 64.2% similar to 8 published non-Korean strain (Ark DPI, Beaudette, Connecticut, D41, Gray, H120, KB8523, and Mass41).
The deduced amino acid sequences of Korean IBV isolates were aligned with the sequences of published non-Korean IBV strains (Fig. 2) . The most variations were observed between residues 53-96, 115-152, and 376-392 (numbering is in reference to Mass41 strain). Phylogenetic trees were constructed from the nucleotide and deduced amino acid sequences of the S1 glycoprotein genes of Korean IBV isolates and nonKorean IBV strains (Fig. 3) . Nine Korean IBV isolates were grouped into five distinct branches. The K446-01 isolate formed the first branch in which Mass41 was included. The K203-02 isolate formed the second branch that related to non-S1 gene of Korean IBV isolates 489 Fig. 3 . Phylogenetic relationship based on the deduced amino acid sequences of the S1 glycoprotein of the Korean IBV field isolates (K069-01, K281-01, K446-01, K507-01, K774-01, K142-02, K161-02, K203-02, and K210-02) and non-Korean IBV strains generated by the maximum parsimony method with heuristic search and 100 bootstrap replicates. The tree was rooted to a sequence of the IBV Beaudette strain. The length of each branch represents the number of amino acid changes between sequences Korean IBV isolates, KB8523, H120, and D41. The K281-01 and K210-02 isolates formed the third branch and the K161-02 isolate formed the fourth branch. K069-01, K507-01, K774-01 and K142-02 isolates formed the fifth independent group. The spike glycoprotein of IBV is translated as a precursor protein (S 0 ), and then cleaved into two subunits S1 and S2 [7, 22] . The IBV spike glycoprotein cleavage recognition site for Korean IBV isolates K069-01, K446-01, K507-01, K774-01, K142-02, K161-02 and K203-02 isolates had the sequence Arg-ArgPhe-Arg-Arg, which was found in the published IBV Beaudette, D41, H120, KB8523, and Mass41 strains [7, 14] . Whereas Korean IBV isolates K281-01 and K210-02 isolates had the sequence Arg-Arg-Ser-Arg-Arg which was found in the published IBV Ark DPI and Gray strains [14, 22] .
Discussion
IB has been a continual problem in Korea although both Mass type live attenuated vaccine and inactivated vaccine were widely used to control the disease. Fifteen Korean IBV isolates were initially analyzed by RT-PCR-RFLP and followed by nucleotide sequencing of the S1 glycoprotein gene in this study.
Korean IBV field isolates between 1986 and 1997 were characterized using RT-PCR-RFLP analysis and pathogenicity testing but the sequences of those viruses were not reported [29] . According to RT-PCR-RFLP analysis, 40 IBV field isolates were classified into five genotypes (I, II, III, IV, and V). Six genotype I IBV isolates showed similar RFLP patterns to Mass type of IBV and only 2 genotype II IBV isolates were only isolated in 1986. Twenty-nine genotype III IBV (KM91 type) isolates showed distinct RFLP patterns in PCR-RFLP analysis using restriction enzymes HaeIII, EcoRI, and BamHI [29] . The KM91 isolate is the representative genotype III isolate. Genotypes IV andV were newly isolated in 1995. In this study, 10 of 15 field IBV isolates were classified as the KM91 type and 3 isolates were classified as Arkansas and 1 as Connecticut types. In pathogenicity tests, isolate KM91 caused 50% mortality, severe nephritis and renal urate deposition in the kidneys of infected chicks, but genotypes I, II, IV and V only induced respiratory distress at 1 to 2 days after inoculation [29] . The H120 vaccine could not protect chicks against challenge with the KM91 isolate, genotype III. Therefore, the KM91 type has seemed to be a major IBV circulating in Korea. The Korean IBV K203-02 isolate showed both Massachusetts and KM91 type RFLP patterns in PCR-RFLP analysis. The detection and differentiation of two different kinds of viruses in a single sample is a significant advantage of RT-PCR-RFLP analysis which other researchers have also reported [2] .
Korean IBV isolates (K069-01, K507-01, K774-01, K142-02 and K161-02) sequenced among IBV isolates classified as KM91 type by RFLP analysis showed 63.4% to 97.2% nucleotide sequence similarity and 66.7% to 98.6% amino acid sequence similarity among themselves. It seemed that IBVs with differences in genetic composition existed in field condition although they showed identical RFLP patterns.
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By alignment of the S1 glycoprotein of Korean IBV isolates with published non-Korean IBV strains, the most sequence variations were observed between residues 53-96, 115-152 and 376-392. Regions between 53-96 and 115-152 showing high amino acid variations herein were similar to hypervariable region 1 (HVR 1, residues 56-69) and hypervariable region 2 (HVR 2, residues 117-131) of IBV [6, 20] . The HVRs are associated with two separate viral neuralizing and conformationally dependent epitopes [6, 20] . Amino acid variation region 376-392 was similar to region III (274-387) associated with a neutralizing epitope [19] . Virus neutralization tests will be needed to definitively classify Korean IBV isolates into a distinct serotype although PCR-RFLP pattern correlates with serotype [23] .
In the phylogenetic tree, Korean IBV isolates formed five distinct clusters. Korean IBV K446-01 isolate was clustered into Mass41 group although it was classified into the Connecticut group by PCR-RFLP analysis. Korean IBV K203-02 isolate was clustered into the same genotypic clade as non-Korean IBV strains KB8523, H120, and D41 that were an attenuated vaccine strains [21, 26, 31] . Therefore, K203-02 isolate appears to be originated from a vaccine strain. Korean IBV K281-01 and K210-02 isolates formed distinct clusters that were related to non-Korean IBV Ark99, Ark DPI, Gray and JMK strains although K281-01 and K210-02 isolates were classified into the Arkansas type by PCR-RFLP analysis. Two Korean IBV isolates K281-01 and K210-02 had the same Arg-Arg-Ser-ArgArg on spike glycoprotein cleavage recognition sites as the non-Korean IBV strains Ark DPI, Gray, and JMK [14] . Spike glycoprotein cleavage recognition site does not appear to correlate with serotype or pathogenicity [14] . Korean IBV K161-02 isolate formed a distinct cluster although it was classified into the KM 91 type with other several IBV isolates by PCR-RFLP analysis. It showed 61.8% to 64.3% amino acid sequence similarity compared to other Korean IBV isolates, which was lower similarity than other IBV isolates. It was noteworthy that K161-02 isolate was related to non-Korean IBV isolate DE072 and GA980470 in the phylogenetic tree although it showed 42.9% (K161-02 and GA980470) to 43.4% (K161-02 and DE072) amino acid sequence similarity. The IBV DE072 strain was involved in IB outbreaks of broilers on the Delmarva peninsula, U.S.A. in 1992, and it was classified into the Delaware variant (DE var) type by virus-neutralization tests, cross-challenge tests and S-1 gene analysis [12] . The IBV GA980479 strain was isolated from broilers in Georgia, U.S.A. and is similar to the IBV DE072 strain [25] . But it was genetically distinct from IBV DE072 and shared very low antigenic relatedness with IBV DE072 and other IBV isolates and thus was designated into a new serotype, Georgia 98 [25] . It seems that the Korean IBV K161-02 isolate may be one of the Korean IBV variants. Further characterization by virus-neutralization tests and cross-challenge tests using several IBV strains will be needed. The Korean IBV K069-01, K507-01, K774-01, and K142-02 formed a distinct cluster that consists of only Korean IBV isolates. They were classified into the IBV KM91 type by PCR-RFLP analysis, which has been isolated mainly in Korea [29] .
The evolution of IBV is seemed to be influenced by a number of factors such as the use of multiple strains for vaccination, population density and host immune status [9] . In addition, IBV has a high error rate during the genomic transcription and then, produces a quasispecies phenomenon where many different viral genotypes will cocirculate in the host, with each virus potentially having different levels of fitness for the host environment [9, 24] . Widespread uses of various vaccines made from heterologous IBVs in the field may play an important role in increasing the number of new genetic variants in Korea.
In conclusion, 15 Korean IBV field isolates were different from published nonKorean IBV strains in nucleotide and amino acid sequences and were clustered into different groups from non-Korean IBV isolates by phylogenetic tree analysis. And 15 Korean IBV isolates were clustered into at least 5 groups in which 3 groups were differentiated from non-Korean IBV isolates. Virus-neutralization test and cross-challenge tests using several IBV strains will be needed to further characterize the IBV isolates.
